Introduction
Tamoxifen (TAM) is an endocrine therapy that is widely used in the treatment of both early stage and recurrent/metastatic breast cancer. However, the long-term efficacy is limited by relapse of disease and development of resistance following adjuvant endocrine therapy [1] .
TAM, the prototype selective estrogen receptor modulator (SERM), exerts its effect by binding to the estrogen receptor (ER) and altering the conformation of the complex, thereby inhibiting signal transduction cascades that stimulate cell replication [2] .
Unfortunately, up to 50% of patients with ER-positive breast cancer who develop metastatic disease do not respond to first-line endocrine treatment (de novo resistance), and the remainder will eventually relapse despite an initial response (acquired resistance). Efforts to understand the various biologic mechanisms responsible for the development of endocrine resistance are directed to the development of new strategies to enhance the efficacy of therapy for ER-positive breast cancer [3] .
Overexpression of Her-2/neu in ER-positive breast cancer cells can cause tamoxifen to behave as an agonist and stimulate cell growth. Implicit in this mechanism for resistance is cross-talk activation between the ER and the epidermal growth factor receptor (EGFR/Her-2/neu) pathways [3] . Treatment with various signal transduction inhibitors has been used in combination with endocrine therapy to overcome resistance, such as gefitinib, which targets the internal tyrosine kinase domain of EGFR, and trastuzumab, which blocks the external domain of Her-2/neu [4] .
Recently, complementary and alternative medicine (CAM) is widely accepted among patients with breast cancer, which may provide several beneficial effects including reduction of therapy-associated toxicity, improvement of cancer-related symptoms, fostering of the immune system, and even direct anticancer effects [5] .
Carnitine is a trimethylated amino acid, naturally synthesized in the liver, brain and kidney from proteinbound lysine and methionine. Several factors such as sex hormones and glucagon may impact on carnitine distribution and level in tissues [6] . L-carnitine plays an important role in cell energy metabolism through mediating the transport of long chain fatty acids across the inner mitochondrial membrane. Carnitine has a modulating effect on the function of acetylcholine excitatory neurotransmitter, glutamate excitatory amino acid, insulin growth factor-1 (IGF-1) and nitric oxide (NO). L-carnitine may have a dual protective effect by enhancing the energy dynamics of the cell and inhibiting cell membrane hyperexcitability, which make it an ideal nutrient for cancer prevention and treatment [7] .
The present work tried to investigate the possible role of L-carnitine, as add-on therapy to breast cancer patients maintained on tamoxifen, in modulating the growth factors IGF-1 and Her-2/neu.
II. PATIENTS and METHODS
The study included 60 postmenopausal women with proven pathological diagnosis of breast cancer who were planned to receive tamoxifen-based regimen. The patients were recruited from Damietta Cancer Institute, Damietta, Egypt, under supervision of Dr. Hossam Darwish, from July 2010 to April 2011. Patients with history of heart failure, arrhythmia, under heart therapy, or impaired liver functions were excluded. Also, patients having concomitant complementary treatment or previous malignancies other than breast carcinoma were excluded.
The study participants were classified into two groups; 1) Control breast cancer group, which included newly diagnosed 20 breast cancer patients prior to surgery or receiving any treatment. 2) Tamoxifen group, which included 40 breast cancer patients who were treated with tamoxifen 20 mg/day (Amriya Pharm. Ind. Company, Egypt) for one to five years. Blood samples were collected from both groups at the start of study, then, TAM-treated patients were supplemented with oral L-carnitine 1g/day (Mepaco Company, Egypt) as adjuvant therapy for 6 months, after which second blood samples were collected. The patients of TAM group were followed closely to ensure that they stacked to the treatment.
Detailed history of patients was recorded. Menopausal status was categorized as 'postmenopausal', defined as the last menstrual period occurring more than 12 months prior to the date of recruitment into the study. The weight and height of patients were measured and body mass index (BMI) was calculated [weight (kg)/height 2 (m 2 )]. The characteristics of the study participants are illustrated in Table ( 1). The mean age of control breast cancer group was 52 years and that of TAM group was 54.3 years. The majority of women enrolled in the study were had their first age of menarche at age of 12-13 years, had married, had BMI 30 kg/m 2 or greater, had taken contraceptive pills, with number of pregnancies more than or equal to 4, with a mean age of first and last birth of 19.9, 30.3 years, respectively. 32.5% of TAM group patients were with a family history of breast cancer and 25 % with a family history of other types of cancer, whereas 35% of control breast cancer group were with a family history of breast cancer and 45 % with a family history of other types of cancer. 72.5% of TAM group undergone ductal invasion and 87.5% mastectomy surgery, and had tumors that were estrogen receptor-positive. 47.5% of the TAM group patients were treated with TAM for 1-2 years (Table 1) .
Five mL blood was drawn by venous arm puncture from patients after overnight fast. Blood was left to stand at room temperature in plain tube to allow clot formation and then serum was separated by centrifugation at 4000 rpm for 15 min using 5804 centrifuge (Eppendorf International Company, German). Serum was divided into aliquots; tumor markers and hormonal marker were analyzed immediately and other aliquots were stored frozen at -70 o C till analysis of Her-2/neu and IGF-1. 1.1. Measurement of growth factors: Quantitative measurement of serum Her-2/neu and IGF-1 was carried out by enzyme-linked immunosorbent assay (ELISA) using kits obtained from RayBio ® Human Her-2/neu (epidermal growth factor receptor-2) and RayBio ® Human IGF-1 (insulin growth factor-1), respectively. The intensity of the color was measured at 450 nm using microplate reader (TECAN Austria GmbH 5082 Grodig, Austria).
1.2. Measurement of tumor and hormonal markers: Microparticle enzyme immunoassay (MEIA) was utilized for quantitative determination of serum levels of carcinoembryonic antigen (CEA) [8] , cancer antigen 15.3 (CA15.3) [9] and estradiol (E2) [10] using kits obtained from AxSym Chemical Co., USA and Abbott AxSym immunology analyzer.
1.3. Statistical analysis: Data are presented as mean ± standard error (SE) and were analyzed by Microsoft software (EXCEL 2000) and statistical package for social science (SPSS) version 17. Patients database were collected through Microsoft Office Access 2003. Pearson's correlation test was used for detection of the parametric correlation. The experimental data were analyzed for significant differences by independent Student's t-test based on differences between groups, and paired t-test based on differences before and after treatment within the same group. The level of significance was set at P<0.05
III.
Results Table ( 2) shows Her-2/neu and IGF-1 in control breast cancer patients and TAM group before and after supplementation with L-carnitine for 6 months. TAM-treated patients showed significant decrease (P<0.05) in serum Her-2/neu and IGF-1 levels compared to control patients. Administration of L-carnitine to TAM group produced a significant decrease in serum Her-2/neu level (P<0.05) compared to each of control patients (% decrease 59.5%) and TAM patients-before L-CAR (% decrease 39.1%). The lowering effect of TAM on IGF-1 (P<0.05, 5.4%↓) was maintained after L-CAR supplementation (Table 2) . Table ( 3) presents the serum levels of CEA, CA15.3 (tumor markers) and E2 (hormonal marker) in the study patients. Although TAM exhibited no significant effect on estradiol level, it produced a significant decrease in both tumor markers CEA and CA15.3 (P<0.05, % decrease 80.9% and 67.8%, respectively). The lowering effect of TAM on tumor markers was maintained after supplementation of L-CAR for 6 months.
Correlation study revealed a significant positive correlation (P<0.05) between IGF-1 and each of Her-2/neu (Fig. 1), E2 (Fig. 2), and BMI (Fig. 3) . A significant positive correlation (P<0.05) was also obtained between E2 and BMI (Fig. 4) . 
IV. Discussion
Sex hormones, especially estrogens, have been implicated in the development of breast cancer. Breast cancer risk increases after menopause, where aromatization of androgens to estrogens in adipose tissue is the most important source of estrogen in blood and peripheral tissues [11] .
Weight increase and obesity subsequent to menopause have been identified as the most important risk and negative prognostic factors for breast cancer in postmenopausal women. Obesity results in increased circulating levels of insulin and insulin-like growth factor, which by acting as mitogens for epithelial breast cells, stimulate their growth and neoplastic degeneration. Mechanisms may combine to explain the association which links together menopause, the subsequent body weight increase, and hormone-dependent breast cancer [12] .
Body mass index of tamoxifen-treated breast cancer patients included in the present study was positively correlated with estrogen level (E2) which is consistent with Mahabir et al. [11] , who showed that the increased breast cancer risk seen in postmenopausal women with adiposity might be related to elevated sex hormone level.
The present results showed that administration of TAM for 1-5 years to breast cancer patients decreased tumor markers CEA and CA15.3 significantly. Serum levels of CEA and CA15.3 represent the response of the disease to treatment and indicate the tumor suppressive effect of tamoxifen.
The antitumor activity of tamoxifen is attributed to its anti-estrogenic activity, which may be mediated by competitive inhibition of estrogen binding to ER. In addition, TAM inhibits the expression of estrogen regulated genes including the growth factors genes IGF-1 and Her-2/neu [13] . While the traditional role of ER is central to ER+ breast cancer, ER has also been implicated in non-genomic, plasma membrane-initiated signaling with IGF-1 and epidermal growth factor receptor (EGFR) which are tyrosine kinases implicated in human breast cancer. IGF-1 and Her-2/neu could be secreted by the tumor and stimulate growth by autocrine or paracrine mechanisms [14] . Dossus and Kaaks [15] demonstrated that an approximate two-fold increase in risk of breast cancer was observed especially among women who had high IGF-1 levels. In the present work, IGF-1 was significantly decreased by TAM, which supports the good outcome of treatment. The findings of this work were in accordance with Dearth et al. [16] , who demonstrated that patients with postmenopausal breast cancer showed a decrease of serum IGF-1 levels when treated with tamoxifen.
Although estrogen is the initial driving force for adult female mammary development, it requires growth hormone (GH)-induced insulin growth factor-1 (IGF-1) in the mammary gland in order to act [17] . IGF-1 is produced in the liver in response to pituitary GH and is also an important product of GH action in the mammary fat pad. As with several other growth factors, estrogen enhances the action of IGF-1 through a stromal epithelial interaction [18] . Our observations were in line because positive correlations were found between IGF-1 and each of E2 and BMI in the studied tamoxifen-treated breast cancer patients.
Radhakrishnan et al. [19] reported that IGF-1 acts as a mitogen for breast cancer cells mediated by downregulation of tyrosine phosphorylation and phosphatidylinositol 3'-kinase signaling. Due to the mitogenic and antiapoptotic effects of IGF-1 it has been implicated in several types of cancer including breast [20] , prostate [21] , lung [22] and colon cancer [23] .
The present results indicated a significant positive correlation between IGF-1 and Her-2/neu in breast cancer patients. Over-expression of Her-2/neu protein is found in 15% to 25% of newly diagnosed invasive breast cancer [24] . Enhanced cell signaling secondary to the over-expression of Her-2/neu protein will culminate in increased cell proliferation, cell motility, cell survival, angiogenesis, invasion and metastasis. Her-2/neu has been widely studied as a therapeutic target and as a predictive marker for cancer therapy using specific Her-2/neu antagonists [25] .
Despite tamoxifen benefit in patients with all stages of ER-positive breast cancer, the major obstacle to its use is treatment resistance. There is some evidence that Her-2/neu status is a predictor for response/resistance to tamoxifen. Both pre-clinical and clinical studies suggest that the mechanism of resistance involves cross-talk between ER and growth factor and/or stress kinase signaling pathways that promote phosphorylation of the ER and its co-activators. This in turn activates breast cancer cell growth and then the resistance to endocrine therapy is experienced [26] .
In the present study, TAM treatment to the breast cancer patients revealed a significant decrease in Her-2/neu in serum when compared to control patients. This finding is in agreement with James et al. [27] , who revealed that serum Her-2/neu levels may serve to monitor hormonal therapy in Her-2/neu positive breast cancer patients and that circulating Her-2/neu levels may be a better indicator of resistance to tamoxifen. Prospective trials are ongoing with the aim being to discover ways to delay or overcome the development of resistance to tamoxifen such as simultaneous blockage of different signal transduction pathways driven by EGFR [28] .
L-carnitine supplementation to cancer patients enhances fatty acid metabolism in mitochondria, restores normal mitochondrial function, and so, improves patients` fatigue and quality of life [29] . Carnitine may also mimic some of the biological activities of glucocorticoids, particularily immunomodulation, via suppressing TNF-α and IL-12 release from monocytes (5). L-carnitine as adjuvant therapy in cisplatin-treated cancer patients proved a beneficial effect in reducing the cisplatin-induced organ toxicity [30] .
The present work revealed that L-carnitine supplement combined to tamoxifen therapy produced a significant decrease in Her-2/neu in serum when compared to control group and to TAM-group before L-CAR. Previous studies indicated that Her-2/neu level was decreased in breast cancer cells in presence of the natural product green tea catechin [31] .
It is possible that, the extremely lipophilic nature of carnitine may be responsible for the decrease in EGF binding [32] . Carnitine may insert in the cell membrane and/or interact with one of the many cellular enzymes having lipid substrates or cofactors. In addition, carnitine may interact directly with the EGFR [33] .
Experimental evidence is available showing that ROS may induce the ligand-independent phosphorylation of the EGFR activating Her-2/neu. Moreover, the expression of the receptor is induced in conditions of oxidative stress [34] . L-carnitine, via its free radical scavenging and antioxidant properties, may inhibit ROS-mediated EGFR phosphorylation. It has been found that palmitoyl-carnitine can inhibit the activity of heart and brain protein kinase C in a competitive manner and subsequent phosphorylation of the EGFR [35] .
Although the tumor markers and IGF-1 showed no significant difference in TAM-treated patients before and after administration of L-CAR, there was a tendency to decline after L-CAR supplementation. Waylan et al. [36] reported no change in circulating IGF-1 levels in sows (pigs) with or without L-carnitine supplementation.
V. Conclusion
The prominent role of L-carnitine in the present study belongs to the level of Her-2/neu, which was significantly reduced after L-carnitine supplementation. Thus, L-CAR as add on therapy to TAM, in addition to its ability to foster the immune system and improve the patients` fatigue and quality of life, may offer better cancer prognosis, which may be, in part, a prospective trial to overcome tamoxifen resistance.
